Objective: To describe the impact of comorbidity on complications of surgery and mortality in patients with head and neck squamous cell carcinoma (HNSCC).
esthesia had a significant relation with major complications. In the multivariate analysis, duration of anesthesia and comorbidity reflected by the ACE-27 grade or the ASA class remained significant. The odds ratios (95% confidence intervals) associated with ACE-27 grades of 1 and 2 were 1.9 (0.6-6.8) and 4.6 (1.4-15.2), respectively; with ASA classes 2 and 3, 2.0 (0.5-8.2) and 10.0 (2.2-45.1), respectively. Duration of anesthesia longer than 360 minutes was characterized by an odds ratio of 7.8 (1.8-12.9).
Conclusions: Duration of anesthesia and comorbidity reflected by the ACE-27 grade and the ASA class are important predictors of major complications in head and neck surgery. Optimizing the general condition of patients with HNSCC might reduce morbidity and treatment-related costs.
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O NE OF THE TREATMENT OPtions for patients with head and neck squamous cell carcinoma (HNSCC) is surgery. Surgical procedures in the head and neck have a substantial complication rate. Little is known about the risk factors for complications and mortality. Potentially, reliable prediction of complications and mortality could lead to correction of contributing factors. Therefore, evaluation of potential risk factors is of medical and economic importance.
This study was undertaken to identify risk factors for complications and mortality. One of the potential risk factors is comorbidity, and a significant number of patients with HNSCC have comorbid disease. 1 Many comorbidity indexes are available, but none is applied universally. The Adult Comorbidity Evaluation 27 index (ACE-27) ( Table 1) was developed by Piccirillo 2 and is a modification of the Kaplan-Feinstein Index. 3 The ACE-27 is a validated index especially designed for comorbidity measurements in patients with cancer. A disadvantage of the ACE-27 is that it can be time-consuming.
The American Society of Anesthesiologists (ASA) risk classification system ( Table 2) is actually an index for perioperative risk, but it can also be used to evaluate comorbidity because it describes a patient's physical status prior to surgery. The ASA class is determined before any patient undergoes anesthesia and is therefore readily available.
This study was primarily performed to identify risk factors for complications and mortality in head and neck surgery. Another goal was to compare the comprehensive ACE-27 index with the concise ASA system for predicting complications and mortality. In addition, potential factors influencing the length of hospitalization were studied.
METHODS

PATIENTS
The study population consisted of 120 consecutive surgically treated patients with HNSCC Age at diagnosis, sex, TNM stage, tumor site, prior malignancies, treatment, and follow-up data were obtained from the oncology database of our hospital, ONCDOC, which is maintained by specialized oncologic data managers. 4 Information concerning the surgical procedure, type of neck dissection, type of reconstruction, duration of anesthesia, and length of hospitalization were obtained from our hospital databases. Information about weight loss in the 6-month period prior to diagnosis and preoperative hemoglobin levels were determined from the patients' files. A low hemoglobin level was defined as less than 13.0 g/L for women and less than 14.5 g/dL for men.
5
STUDY PROCEDURES
Comorbidity and occurrence of major complications were determined from the patient's file. The ASA class, assigned by the attending anesthesiologist, was obtained from the original anesthesia form or from the hospital database. Each index was divided into 3 categories: ACE-27 grades were categorized as 0, 1, or 2 or higher; ASA classes were categorized as 1, 2, or 3 or higher.
Major complications were defined according to the system outlined by Farwell et al 6 ( Table 3 ) and recorded from the start of anesthesia until hospital discharge. Since all complications are recorded prospectively in the patients' files and correspondence, the patients' files could be used for this purpose. Medical and surgical complications were joined into a single variable, major complications, which was used in all analyses. One-and 6-month mortality rates were calculated.
All statistical analyses were performed with SPSS 10.0 for Windows (SPSS Inc, Chicago, Ill). The impact of potential predictors on complications, mortality, and the length of hospitalization was analyzed univariately and multivariately. Univariate analyses were performed using the Pearson 2 test. A threshold of PՅ.05 was set for entering multivariate analysis. Multivariate analyses were performed using binary logistic backward regression in all analysis. In cases where both the ACE-27 grade and ASA class entered a multivariate analysis, they were analyzed together as well as sepa- rately to illustrate their individual strength. Only P values of .05 or lower were considered significant.
RESULTS
DEMOGRAPHICS
The study population consisted of 120 surgically treated patients with HNSCC. Three patients were excluded because they received palliative procedures only; these 3 patients died within 1 month. The demographic characteristics of the remaining 117 patients are listed in Table 3 . Most patients were men (63.2%) and older than 60 years (60.7%). The predominant tumor site was the oral cavity (50.4%). About 40% of all patients were staged T4; most patients were N0 (65.0%) and M0 (98.3%). A low hemoglobin level was found in 54 patients (49.5%). Eleven patients (9.6%) had lost more than 10% of their body weight in the 6 months prior to diagnosis. Fifty-five patients (47.0%) received local surgery only (including laser surgery). In 31 patients (26.5%), the surgical procedure consisted of a combined mandibular approach or a hemimaxillectomy. Twenty-four patients (20.5%) were treated with a laryngectomy. In 7 patients (6.0%), the surgical procedure was a neck dissection only. In a total of 61.5% of all cases, a neck dissection was performed. Anesthesia lasted over 6 hours in 52 patients (44.4%). Hospitalization lasted less than 2 weeks in most patients (60.7%). Most patients (61.6%) received postoperative radiotherapy (67 patients) or chemotherapy (3 patients) or both (2 patients).
COMORBIDITY
In all 117 patients, an ACE-27 grade could be assigned. Most patients (70.9%) received an ACE-27 grade of 0 or 1. Most patients (53.0%) were ASA class 2 (Table 3) ; in 3 patients (2.5%), local anesthesia was used; consequently, no ASA class was designated. Eleven patients (9.4%) had been diagnosed as having a prior malignancy.
MAJOR COMPLICATIONS
Twenty-two patients (18.8%) developed a major medical complication ( Table 4) ; major surgical complications occurred in 10 patients (8.5%). Seven patients had both medical and surgical complications. Consequently, major complications occurred in 25 patients (21.4%). The mean age at diagnosis of patients with and without complications was 67.3 and 62.4 years, respectively.
PREDICTION OF MAJOR COMPLICATIONS
The univariate impact of all variables on major complications is detailed in Table 5 . Because both ACE-27 grade and ASA class were significant predictors in univariate analysis, 3 multivariate analyses were performed. The first 2 multivariate analyses contained all significant variables but only 1 of the 2 comorbidity scales (ACE-27 grade or ASA class). The third multivariate analysis contained all significant variables, including both ACE-27 grade and ASA class. In the first multivariate analysis (Table 6) , ACE-27 grade was the only remaining significant predictor of major complications. The odds ratios (ORs) and 95% confidence intervals (CIs) associated with ACE-27 grades were as follows: grade 1, 1.93 (0.55-6.75); grade 2 or higher, 4.61 (1.40-15.15). In the second multivariate analysis (Table 7) , the duration of anesthesia and ASA class were significant predictors of major complications. The ORs (95% CIs) were as follows: duration of anesthesia greater than 6 hours, 7.75 (1.76-12.93); ASA class 2, 2.04 (0.51-8.23); and ASA class 3 or higher, 9.99 (2.21-45.07). In the third multivariate analysis (Table 8) , which included both ACE-27 grade and ASA class, ASA class had more impact on complications than did ACE-27 grade. The ORs (95% CIs) were as follows: duration of anesthesia greater than 6 hours, 7.75 (1.76-12.93); ASA class 2, 2.04 (0.51-8.23); and ASA class 3 or higher, 9.99 (2.21-45.07).
PREDICTION OF MORTALITY
None of the 117 patients died within 1 month after surgery, while 4 patients (3.4%) died within 6 months after diagnosis. In the univariate analysis, cancer site ( 2 =19.1; P = .01), hemoglobin level ( 2 = 4.2; P = .04), and postoperative adjunctive treatment ( 2 = 9.1; P=.03) were related with 6-month mortality.
PREDICTION OF PROLONGED HOSPITALIZATION
Ten variables were significant predictors of prolonged hospitalization in univariate analyses ( Table 9 ). In the mul tivariate analysis, surgical procedure, type of neck dissection, and major complications remained significant (Table 10) . Abbreviations: See Table 3 . 
COMMENT
Prevention of complications and mortality is an important issue in surgery. Remarkably, little is known about which factors contribute to the risk of complications and mortality. In this study, we chose to include a variety of potential risk factors: age at diagnosis, sex, site of the primary tumor, TNM stage, prior malignancies, weight loss, hemoglobin level, type of surgery, type of neck dissection, type of reconstruction, duration of anesthesia, postoperative adjunctive treatment, and comorbidity.
Comorbidity has been established as an important factor in patients with head and neck cancer, and there are many indexes that reflect a patient's comorbidity. We chose the ACE-27 index because of its comprehensiveness. It is a complete review of all systems and easily applied, although it can be time-consuming. In a study by Piccirillo et al, 7 5 certified tumor registrars responded that coding comorbidity with a precursor of the ACE-27 index was "not at all difficult" or "slightly difficult." These registrars needed from 1 to 15 minutes to abstract comorbidity information from a single medical chart. In a study by Paleri and Wight 8 in the United Kingdom, the ACE-27 grade could be successfully obtained by retrospective notes review. These researchers also made some suggestions to speed up the scoring process for the ACE-27 index.
The ASA system was chosen because of its ready availability. It is a standard anesthesiologic procedure to designate an ASA class prior to every surgical procedure. Although the ASA class represents a patient's physical status, it was not designed for comorbidity measurements but to assess risks of anesthesia.
In our study population, the incidence of major complications was 21.4%. This is in line with other studies. 6, 9 In a study by Farwell et al, 6 34% of all patients had postoperative major complications in a study population of 93 patients with significant medical problems. However, both cancer and noncancer patients were included. In multivariate analysis, an anesthesia time of 8 hours or more was the only independent predictor of major complications. In a study by Pelczar et al 9 of 119 patients undergoing head and neck cancer surgery, 24% had at least 1 postoperative medical complication. The ASA class was a strong predictor of the development of postoperative medical complications in a univariate analysis (PϽ.001). Both studies are in line with our results, which showed that both comorbidity scales and duration of anesthesia proved to be independent predictors of perioperative complications in multivariate analysis.
In the present work and in the 2 above-mentioned studies, the number of patients was too low to allow for identification of single diseases contributing to the risk of complications. Therefore, correction of predisposing factors is not yet possible. However, it appears that it is worthwhile to investigate this further. In the meantime, a high comorbidity score should lead to a higher degree of caution by the treating physicians.
In the present study, we found a 1-month mortality rate of 0%. This is in line with the results of Farwell et al, 6 who reported no deaths perioperatively in a population with significant comorbidity. They propose that their improved outcome was owing to a team of attending internists who assisted them in the preoperative workup and through the perioperative period. Our patients were sent to an attending internist on indication only. Considering that all of our patients had cancer and a mortality rate of 0%, it is questionable whether the standard assistance of an internist was responsible for the decrease in mortality. Abbreviations: See Table 6 . 
